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(54) Determining battery voltage during ciiarging and charging device for battery 



(57) The invention is related to a charging device (1) 
in which the charging current {\^) used for charging a 
battery (2) is chopped according to a certain duty cycle 
(ri). A certain charging voltage reference value {V^), 
which equals the real open circuit voltage of the battery 
charged, is known to the charging device (1 ). To achieve 
a correct duty cycle (tj). the terminal voltage of the bat- 
tery is nrteasured during the charging current pulse (Ion) 
and between the pulses. The open circuit voltage of the 
battery is calculated on the basis of the measurement 
results using the formula 



where r\ is said duty cycle. V^^^ represents the voltage 
between the terminals of said battery (2) during the 
charging current pulse (Ion), ^nun represents the voltage 
between the terminals of said battery (2) between the 
charging current pulses and the coefficient K equals 1 
or the ratio of the average of the charging current (l^h) 
to Its peak value. The duty cycle is altered in such a man- 
ner that the calculated value (V^atto) brought close to 
said reference value (V<^). 
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Description 

The invention generally pertains to charging batteries with a power supply and is particularly related to determining 
the optimum voltage value during the charging of lithium batteries and to a device for charging small batteries. 

5 Because of their good power/weight ratio, lithium batteries and battery packs comprising lithium batteries are 

generally used as power sources in small, portable electric devices. During operation, a battery is discharged, after 
which it has to be recharged. To ensure the correct operation of the battery and a long battery lite, it is important that 
the charging be performed In the correct manner. 

Especially the voltage that is used for charging lithium batteries and generated by a charging device must very 

10 accurately follow the open circuit voltage of the battery, i.e. the voltage that would exist between the terminals of the 
battery If no charging current would flow to the battery or if no discharging current were drawn from the battery. When 
a battery is fully charged but still connected to a charging device, an incorrect charging voltage value hamis the battery 
and shortens Its life. 

A charging method for lithium batteries is known from U.S. Pat. No. 4.736,150 whteh is based on chopping the 
IS charging current at the frequency of 0.1 to 10 hertz. A preferred embodiment of the method disclosed in the Patent 
employs a charging device generating a constant voltage and producing a relatively great charging current which, 
however, is limited below a certain maximum value, and chopped current superimposed on the charging current with 
a peak value of a few hundred milliamperes. Con-esponding arrangements are known e.g. from Japanese Patent 
documents J P 1 52,002 and JP 5. 114,422. The method sets no great requirements on the voltage source of the charging 
20 device, but the value of the chopped current and the duty cycle have to be determined relatively accurately. The problem 
is that to determine the duty cycle one should know the open circuit voltage of the battery charged, but it cannot be 
measured because either charging current flows to the battery ordischarge current is drawn from the battery all the time. 

It is characteristic of the method according to the invention, in which the battery is charged with the pulsed cun-ent 
according to a certain duty cycle, that in It 

25 

- the terminal voltage of said battery is measured during a pulse and between pulses of said charging current. 

- the open circuit voltage of said battery is calculated on the basis of said measurements of the terminal voltage, 

- the calculated open circuit voltage is compared with a certain reference value, and 
said duty cycle is altered on the basis of said comparison. 

30 

This invention provides a method and a device with which the open circuit voltage of a battery can be detemnined 
during charging for the purpose of adjusting the charging conditions. This invention also provides a method and a 
device as mentioned above the Implementation of which is economical and suitable for mass production. 

This is achieved by using a charging arrangement based on chopped, or pulsed, current, measuring the terminal 
35 voltage of the battery both during the current pulse and between the current pulses and by calculating the open circuit 
voltage of the battery on the basis of the measurement results using a method described later In this document. 

The invention is also directed to a device for implementing the method according to the Invention. It is characteristic 
of the device according to the invention generating a pulsed charging cun-ent and including a control unit that 

40 - it includes measuring means for measuring the terminal voltage of the battery charged during a charging current 
pulse and between charging current pulses and means for delivering the measurement data indicating the meas- 
ured voltage values to said control unit, and 

- said control unit includes means for calculating the open circuit voltage of the battery charged on the basis of said 
measurement data, and means for altering the duty cycle of said pulsed charging current on the basis of said 

45 calculated open circuit voltage. 

Embodiments of the invention are based on the use of a pulsed charging current and on the adjustment of the 
duty cycle to achieve a desired effective charging voltage. It is an advantage of this system that the output voltage of 
the DC power supply used in the charging device needs not be accurately adjusted, whereby it Is possible to use a 

so power supply with veiy low production costs. In embodiments of the invention the voltage between the terminals of the 
battery is measured during a charging current pulse and between charging current pulses. The open circuit voltage of 
the batteiy charged is calculated on the basis of the measurements by adding to the latter the difference of the voltage 
values multiplied by the duty cycle used in the chopping of pulses (a ratio between 0 and 1 that Indicates the temporal 
duration of a current pulse in relation to the time period of the chopped current) and. if necessary, by a correction 

ss coefficient the value of which depends on the charging device used in a manner described later. When the open circuit 
voltage of the battery has been calculated in the manner explained, the duty cycle used in the charging is altered in 
such a way that with the new duty cycle, the calculated open circuit voltage of the battery would be nearer to the 
predetermined specification. 
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Below, the invention is described in more detail with reference to a preferred embodiment presented as an example 
and to the attached drawing, In which 

Fig. 1 is a circuit diagram of the charging device according to the invention, and 
s Fig. 2 illustrates voltage measurement in the method according to the invention. 

Corresponding parts in the figures are marked with identical reference numbers and markings. 
Fig. 1 shows a simplified circuit diagram of a charging device 1 connected to a battery 2 to be charged. The 
operation of the charging device 1 is controlled by a microprocessor 3 that gives to a pulse width controller 4 a desired 

10 duty cycle i). or the temporal duration of the current pulse lo„ in relation to the time period t of the pulsing of the current. 
If the charging current Igj, is on all the lime, the duty cycle ti is 1 , and if it is not on at all. the duty cycle ti is 0. For a 
pulsed charging current, the value of the duty cycle q is between these two extremes. The current pulsing period x, or 
the time constant, is of no great significance, but advantageously the pulse frequency is from 0. 1 to 10 hertz, whereby 
one pulse period lasts at the most ten and at least 0.1 seconds. A DC voltage supply 5 of the charging device, the 

^5 output voltage of which is marked U, supplies a charging current 1^^ via the pulse width controller 4. 

Pulsed charging current l^h is directed into the batteiy 2, between the terminals of which there is connected an fiJ 
D converter 6 to measure the voltage V^a^, of the battery 2. The A/D converter 6 converts the measured Instantaneous 
battery voltage V^g^ to a digital number and inputs It to the microprocessor 3. The microprocessor can choose the 
sampling moment at which the A/D converter 6 measures the voltage of the battery 2 by sending to ft a control 

20 signal via a control line 7. A mobile phone 8, which is on during the charging of the battery, is also connected to the. 
terminals of the battery 2. An electric current Ipp,, the rate of whfch depends on the operating mode of the phone, flows 
to the mobile phone 8. In addition, the circuit includes as a separate unit a strorage means 9 for saving and reading 
the program for the microprocessor 3 and the parameter values required by It. The battery 2 is shown as an equivalent 
circuit with an ideal voltage source 2a without an internal impedance and a resistor 2b the resistance Rbatt of which 

25 corresponds to the internal impedance of the real battery. Generally, the internal impedance of the battery depends, 
among other things, on the structure and age of the battery, and it can be calculated e.g. by connecting a constant 
current load to the battery and measuring the voltage between the terminals of the loaded battery whereby the internal 
impedance of the battery equals the measured voltage divided by said constant current 

The open circuit voltage of the battery 2 cannot be measured, because during such a measurement no current 

30 should be supplied to or drawn from the battery. During a charging current pulse l^^ current is supplied to the battery 
from the charging device 1 , and between the pulses current is drawn from the battery and directed into the mobile 
phone 8. 1 n accordance with the invention, the open circuit voltage of the battery 2 marked Vbatto 's cateulated as follows: 

35 v^t«) = v„.i„-^K*n*(v„3,-v^j. (I) 

where ii is the duty cycle and means the voltage between the terminals of the battery 2 measured by the A/D 
converter 6 during the current pulse l^^, and V^i^ means the voltage between the terminals of the battery 2 between 
the current pulses. Coefficient K is 1, if the charging device is a DC power supply In a second embodiment of the 
invention that employs a simple power supply Implemented with a diode rectifier only the average of the charging 
current 1^^ during the charging current pulse Ion is a certain portion ot its peak value, whereby the ratio of said average 
and said peak value Is used as the value of coefficient K. 

The measurement of the terminal voltage of the battery 2 and the charge current pulses l^h must not be synchro- 
nized in time so that the measurement of the voltage occurs always at the same moment of time in relation to the 
pulsing period x, since then the measurement would every time result In only either the V^^j^ or the Vn,j„ value. In the 
charging device according to the invention, the measurement and pulsing can be actively desynchronized, whereby 
several (even dozens) measurements need to be performed with the AID converter 6 to make sure that at least one 
representative of both the and the V„i„ value is included in the measurements. Another alternative is to use the 
mcroprocessor 3 to control the beginning and end of the current pulses generated by the pulse width controller 4 and 
the sampling of the AID converter so that the sampling is controlled both during the current pulse and between them. 
The latter method is a little more complfcated from the microprocessor 3 standpoint, because in it part ot the operation 
of the pulse width controller 4 is in fact transfen-ed to the processor and precise timing is required of the program run 
in the processor. 

Fig. 2 is a graphic representation of the real voltage V^a^ between the terminals of the battery 2, the behaviour of 
^ which is pulse-like corresponding to the charging current pulses, and the theoretical open circuit voltage V^^^^q that 
would exist between the terminals of the battery 2 without charging and current drawn by the mobile phone 8. The 
difference VI of the voltage values measured during the charging current pulse (position A) and between the charging 
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current pulses (position B) equals the product of the interna! impedance Rbatt of the battery and the charging current 
'ch- (f^bait * Uh) Since between the charging current pulses the mobile phone 8 generates practically a constant 
current load, it can be concluded that the difference V2 of the open circuit voltage V^tto oi the batteiy 2 and the terminal 
voltage V^i„ measured betv/een the charging current pulses equals the product of the internal impedance l\att 

s battery 2 and the current iph flowing to the mobile phone 8. or {B^^^ * Ip^). 

Above it was stated that the open circuit voltage of the battery 2 cannot be measured during charging since at all 
times current is either drawn from the battery or supplied to the battery. However, to regulate the charging process It 
is necessary to use a voltage value to represent the assumed open circuit voltage. To illustrate the advantages of the 
Inventbn, It will be next examined how big the charging voltage error, i.e. the difference of the voltage value used in 

10 charging to represent the open circuit voltage of the battery and the real open circuit voltage V^^^ of the battery 2, is. 
iff the value calculated with the formula (i) according to the invention is not used as the representing value, but instead 
different values are used, referring to the markings in Fig. 2. 

Let us first assume that the open circuit voltage is represented by the minimum value V^jn of the voltage, ie. the 
terminal voltage value of the battery 2 between charging current pulses. Since it was stated above that the difference 

1$ of the minimum value V^j^ and the real open circuit voltage Vbatto equals {H^.^^ * Ip^). the biggest possible charging 
voltage error Is produced in a situation where the internal impedance IRbatt battery 2 is high (e.g. an old battery 
with small cells) and the mobile phone 8 draws a lot of current Ip^ (e.g. keypad lights and automatic scanning on). 
Using values Rbatt = Vh = ^^0 mA the charging voltage error becomes 77 mV. In a more favourable 

situation where the internal impedance RbatiO^ th© battery 2 is low (e.g. a new battery with large cells) and the mobile 

20 phone 8 draws only a little current Ip^ (e.g. when the phone is in scncalled battery-saving state), the corresponding 
values are 100 mft, 10 mA and 1 mV. 

Let us then assume that the value representing the open circuit voltage is the voltage Vj^g^ between the terminals 
of the battery 2 during the charging current pulse. Looking at the markings in Fig. 2 and making a simple deduction 
we can see that the charging voltage error then equals [Rbatt * <'ch ' 'ph)l- "^^^ worst case is achieved with a high internal 

25 impedance Rba„ of the battery 2 and a small current consumptbn Ip^ by the mobile phone 8. With values Rbati = ^50 
mn, = 800 mA and Ip^ = 10 mA the charging voltage error becomes 277 mV. In a more favourable case, with the 
values of the above example, = '•^0 mH and Ip^ = 220 mA, the charging voltage error becomes 58 mV. 

The average of the voltage values V^^^ and mentioned above can also be used as the value representing 
the open circuit voltage of the battery 2. A simple deduction then yields the expression [Rba„ * (0.5 * 1^^ - Iph)] ^o"" ^^e 

30 charging voltage error, whereby we get the biggest possible error 1 37 mV with the values Rba„ = 350 rr\Q, 1^^ = 800 
mA and Iph = 10 mA. and the smallest possible error 18 mV with the values Rba« = 100 mi2. Igh = 600 mA and Iph = 
220 mA. 

The formula (!) according to the invention for determining the open circuit voltage of the battery is based on a 
deduction saying that when the battery 2 is fully charged, no charging current on average enters the battery, because 

35 the charging current 1^^ generated by the charging device 1 charges the battery 2 during the current pulse l^^ by the 
same amount that is discharged between the charging current pulses l^n through the mobile phone 8 functioning as a 
load. Then the charge brought to the system during the charging current pulse l^n by the charging device 1 , equalling 
(l^h * T|x). equals the charge consumed by the mobile phone 8 during the whole pulse period. The expression for the 
latter charge is (IphX). Since it can also be stated, looking at the markings In Fig. 2. that the difference of the maximum 

40 and minimum voltage equals the product of the interna! impedance of the battery and the charging current, V^ax ■ ^mm 
= (Rbatt * 'ch). arid the open circuit voltage of the battery is expressed Vbatto = ^min + (Rbatt * *ph)' we will arrive in the 
mathematical deduction 



ss 

The last line is identical with the formula (I) except for the correction coefficient K included in the formula (I). The 
deduction above is valid for a DC charging device for which the value of the correction coefficient K is. as stated earlier, 
1 . If the average of the charging current l^h is (K * Ich). the charge brought to the system by the charging device is 
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expressed as (K * * tit), wherefrom, by repeating the deduction above, we ge! the formula (I). In theory, the open 
circuit voltage of the battery is obtained error-free according to the formula (I). Laboratory measurements have verified 
that when a value calculated with the formula (I) according to the invention is used to represent the open circuit voltage 
of the battery, the charging voltage errors are smaller than when using the minimum voltage value V„j„. the maximum 

5 voltage value or their average as the representing value. 

As regards the structure and characteristics of the battery 2 charged, we know that when the battery is fully charged, 
its open circuit voltage has a certain value. In the embodiment described as an example it is possible to use a lithium 
battery the open circuit voltage of which, when fully charged, is 8.2 V Advantageously, this voltage value is stored in 
the storage means 9 of the microprocessor 3, and it is called the charging reference value V^h- tn an alternative em- 

'iO bodiment, a simple circuit can be included in the various batteries In the manufacturing stage, e.g. a resistor (not shown 
in the drawing) having a certain resistance, the value of which corresponds to the open circuit voltage of the battery 
according to a certain correspondence table. Then the charging device has a part (not shown) connected to that iden- 
tification circuit, by means of which the charging device recognizes the type of the battery, whereby the microprocessor 
3 can fetch from its storage means 9 the charging reference value V^h corresponding to that particular type of battery. 

t5 Identification may be also based on the shape or other mechanical properties of the battery 2. In the method according 
to the invention, the voltage values V^g^ and V^^jn are measured and the open circuit voltage of the battery V^atto is 
calculated on the basis of those values and a known duty cycle t|. The calculated value is compared with the charging 
reference value V^h mentioned above. If the calculated value Vt^^^ is smaller than the charging reference value V^^, 
the duty cycle r\ has to be increased, and, correspondingly, if the calculated value is bigger than the charging 

20 reference value N^^, the duty cycle r\ has to be decreased. The rule or formula tor changing the value of the duty cycle 
is as such insignificant, as long as it either increases or decreases the value of the duty cycle. An advantageous 
embodiment of the invention employs a certain set of fuzzy logic rules which, as a response to a certain difference of 
values V|j2t,o ^ch ^ change rate of value Vjj^do provides a certain change in the duty cycle r\. The nnain principle 
Is that i1 the catoulated value y^mx^ ^ considerably smaller than the reference value V^t^, the duty cycle Is altered 

25 considerably or it is even set to 1 , whereby the charging current is on all the time. The closer to the reference value 
the calculated voltage Vt>atto i^* ^® smaller the change made in the duty cycle. A person skilled in the art can easily 
draw up several alternative fomnulas or sets of rules to achieve the desired effect. 

A preferred embodiment of the method according to the invention is illustrated by the table below which contains 
the pseudo-code of a computer program that comprises one whole adjustment cycle to adjust the duty cycle ti of the 

30 charging device 1. 



10 


read battery voltage from A/D converter 


20 


IF pulse width is at maximum 




pulse = 'up* 




ELSEIF pulse width is zero 




pulse = 'down' 


30 


ELSE determine by measuring whether pulse is 'up' or 'down' 




ENDIF 


40 


IF pulse is 'down' 


50 


update 'minimum voltage average' 



55 
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60 


update •maximum voltage average' less 


5 


70 


IF difference of averages is greater than allow d 




80 


set •maximum voltage average' to normal distance 






ENDIF 


10 


90 


ELSE 






update "maximum voltage average* 




110 


update 'minimum voltage average^ less 


IS 


120 


IF difference of averages is greater than allowed 




130 


set "minimum voltage average' to normal distance 


20 




ENDIF 




140 


calculate weighted average of maximum and minimum voltage 




150 


calculate voltage change and error 


2S 


160 


save averages 




170 


check input value limits before calling fuzzy logic rules 




180 


call fuzzy logic rules 


30 


190 


add resulting pulse width change to puls^ width 




200 


check pulse width limits 


3S 


210 


save new value for pulse width 




220 


RETURN new pulse width 



40 First, the battery voltage is read. Since in the described embodiment the timing used for generating the current 

pulses is not known to the processor, ie. it does not know when the pulses start and end, it has to be checked, on lines 
20 to 30, whether the measured value corresponds to the current pulse (V^g^) or the current pulse inten/al (V^jn). If 
the processor knows that the pulse width is set to the maximum or zero, the correspondence of the measurement is 
directly known and, hence, the variable 'pulse' is assigned the value 'up' or 'down'. Othenvise, as shown on line 30. it 

45 has to checked by measuring whether the voltage produced by the AID converter corresponds to the current pulse 
('up'. V^) or the current pulse interval ("down'. V^J. 

Lines 40 to 80 are executed only If It is found out that the measured voltage corresponds to the pulse inten/al 
(value of pulse variable is 'down'). The average of the earlier minimum voltages in the memory is updated on the basis 
of the measurement result. On line 60 it is performed a cautious maximum voltage average update on an estimate 

so basis, because tens of seconds may have been gone since the previous maximum voltage measurement, and if the 
minimum voltage has increased, it is probable that also the maximum voltage has increased. The difference of the 
updated averages is checked on line 70. and if it is greater than a certain predetermined limit value, then the maximum 
voltage average Is set to a value at a certain normal distance from the calculated minimum voltage average, line 80. 
Lines 90 to 1 30, which are executed only if the pulse variable value is 'up', describe the corresponding operation starting 

55 from the maximum voltage measurement. 

On line 140, it is calculated the weighted average of the minimum and maximum voltage representing the open 
circuit voltage of the battery using the fomnula (1) according to the invention that was discussed above. On the next 
line it is calculated how much this value and the maximum and minimum values have changed from the previous 
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measurement. These comprise the input data supplied to the fuzzy logic ruleset. They are saved on line 160 and their 
reasonableness is checked on line 170. lest measuring errors affect the adjustment. On line 180 a call is made to the 
fuzzy logic rules which on the basis of said input data indicate how much the duty cycle should be changed. The change 
is added to the current duty cycle value on line 190, and on line 200 it is checked that the resulting new duty cycle is 

5 between zero and one. ends included. Then the new duty cycle value is saved and sent to the pulse width controller. 
The value of the open circuit voltage V^^^^ of the battery, calculated using the formula (I) according to the invention, 
also provides a certain estimate for the instantaneous capacity, or the charge level, of the battery 2. In an embodiment 
of the invention, this feature is utilized by connecting to the charging device 1 an indicator (not shown in the drawing) 
operating on the basis of the cateulated value Vbatio. indicating to the user the charge level of the batteiy at a given 

10 moment. 

Using the formula (I) according to the invention it is possible to determine the open circuit voltage of a battery 
charged during pulsed charging for the purpose of adjusting the charging conditions. Since the formula takes into 
account the minimum and maximum voltage during the charging of the battery as well as the duty cycle used in the 
charging, it is particularly well suited for various situations in which the Internal Impedance of the battery adopts different 

IS values and the device coupled to the battery during the charging draws different amounts of current. In the preferred 
embodiment, the hardware is only required to have the ability to read or measure the voltage of the battery charged 
(meaning, usually, a simple A/D conversion) and the microprocessor to be programmed for controlling the operation 
of the hardware or controlling of a pulse width modulator, so it will not require high production costs or precise, hardware- 
specific adjustments that would make it more difficult to apply the invention in mass production. Since charging voltage 

20 errors, when using the method and device according to the invention, are smaller than in prior art arrangements, the 
battery life will be probnged. 

The present inventbn includes any novel feature or combination of features disclosed herein either explicitly or 
any generalisation thereof irrespective of whether or not it relates to the claimed invention or mitigates any or all of the 
problems addressed. 

2S In view of the foregoing description it will be evident to a person skilled in the art that various modifications may 

be made within the scope of the invention. 

Claims 

30 

1. A charging device (1) for charging a battery (2), including a power supply (5) and pulse width controller (4) for 
chopping according to a certain duty cycle (ti) the charging current (Ich) taken from said power supply (5) to the 
battery (2) charged, characterized in that it also includes a measuring means (6) for measuring, during charging, 
the terminal voltage of the battery (2) charged and a control means (3) for altering the duty cycle (ti) used by said 

35 pulse width controller' (4) on the basis of the measured terminal voltage. 

2. The charging device of claim 1 , characterized in that it includes a measuring means (6) fa measuring, during the 
charging current pulse (Ion) and between the charging current pulses, the terminal voltage of the battery (2) charged, 
a means for delivering the measurement data (\/^^, VrnJ, indicating the measured voltage values, to said control 

40 means (3), and a means (3) for calculating the open circuit voltage {V^^tio) the batteiy (2) charged on the basis 
of said measurement data (V^ax- ^mn) the purpose of determining a certain duty cycle (ti). 

3. The charging device (1 ) of claim 1 or 2, characterized in that it includes a means (3) for calculating the open circuit 
voltage (Vbatjo) of the battery (2) charged on the basis of said measurement data (v„ax. "^mm) losing the fomiula 

45 

where ti is said duty cycle, V^g^ represents the voltage between the terminals of said battery (2) during th e charging 
so current pulse (ton), ^min f©presents the voltage between the tenfninals of said battery (2) between the charging 

current pulses and the coefficient K equals 1 . if said power supply (5) is a DC power supply, and it equals the ratio 
of the average value of the charging current (1^^) to its peak value during the charging current pulse (loJ, If said 
power supply (5) is a diode-rectified AC power supply. 

ss 4. The charging device (1 ) of any one of the preceding claims, characterized in that it includes a storage means (9) 
for saving the charging reference value (V^h) that corresponds to the open circuit voltage (Vba,«))of the battery (2) 
which it should have at the end of the charging. 
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5. The charging device (1 ) of any one of the preceding clainr^s. characterized in that said control moans are included 
in a microprocessor. 

6. A charging device for charging a battery comprising means for supplying power in charging pulses in accordance 
5 with a desired duty cycle, means for determining the open circuit voltage of a battery being charged from terminal 

voltages determined respectively during and between charging pulses, the desired duty cycle being determined 
in accordance with the determined open circuit voltage. 

7. A charging device according to any preceding claim wherein the device is for charging the battery of a radio tele- 
10 phone, the radio telephone being operable by the battery during charging. 

8. A method for charging a battery (2) with a charging device (1 ) where a charging current (l^h) pulsed according to 
a certain duty cycle (-n) is brought to said battery (2), characterized in that in It the temninal voltage of said battery 
(2) is measured and said duty cycle (t|) is altered on the basis of the measurement result obtained. 

IS 

9. The method of claim 8, characterized in that in it 

- the terminal voltage of said battery (2) is measured during said charging current pulse (1^^) and between the 
pulses, 

20 . the open circuit voltage (V^^atto) said battery is calculated on the basis of said terminal voltage measurements, 

- the calculated open circuit voltage {V^tto) 's compared with a certain reference value (V^h), and 
said duty cycle {r\) is altered on the basis of said comparison. 

10. The method of claim 8 or 9, characterized in that in it the open circuit voltage (V^atto) said battery is calculated 
2S on the basis of said terminal voltage measurements using the formula 

30 where is said duty cycle. V^^^ represents the voltage between the terminals of said battery (2) during the charging 

current pulse (1^^), represents the voltage between the temiinals of said battery (2) between the charging 
current pulses and the coefficient K equals 1 , if a DC power supply is used in the charging, and it equals the ratio 
of the average value of the charging current (l^h) to its peak value during the charging current pulse (Ion), if a diode- 
rectrfied AC power supply is used In the charging. 

35 

11. The method of any one of claims 8 to 1 0^ characterized in that in it said duty cycle (ti) is altered in such a manner 
that if said calculated open circuit voltage {V^^^) of the battery is greater than said reference value (V^h), the duty 
cycle (n) is decreased, and If said calculated open circuit voltage (y^,^^) of the battery is smaller than said reference 
value (Vgh), the duty cycle (n) is increased. 

40 

12. The method of any one of claims 8 to 11, characterized in that said reference value (7^,) is pre-stored in the 
memory (9) of said charging device. 

13. The method of any one of claims 8 to 12, characterized in that said charging device (1) is designed to recognize 
45 the correct charging voltage reference value (Vgh) on the basis ot a certain electric or mechanical property of said 

battery (2). 

14. A method for charging a battery comprising supplying power to the battery in charging pulses in accordance with 
a desired duty cycle, determining the open circuit voltage of the battery being charged from terminal voltages 

so determined respectively during and between charging pulses, the desired duty cycle being determined in accord- 

ance with the determined open circuit voltage of the battery. 

15. Use of a method according to any one of claims 8 to 14 in charging the battery of a mobile telephone. 
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